The pulmonary diffusing capacity (DLCO) has been observed to fall when the alveolar oxygen tension rises from 80 to 600 mm Hg (1, 2). By using the single breath technique in a hyperbaric pressure chamber, we have been able to extend the range of oxygen tensions studied up to 3,200 mm Hg.
The pulmonary diffusing capacity (DLCO) has been observed to fall when the alveolar oxygen tension rises from 80 to 600 mm Hg (1, 2) . By using the single breath technique in a hyperbaric pressure chamber, we have been able to extend the range of oxygen tensions studied up to 3, 200 mm Hg.
Also we have measured in these experiments the effect of exposure of the pulmonary capillary bed to a partial pressure of oxygen of approximately 2,600 mm Hg for a period of 10 minutes.
In addition, prompted by the suggestions of J. S. Haldane (3) , who postulated that inert molecules such as nitrogen may impede the mean free path of carbon monoxide molecules to the alveolar membrane and decrease the rate of uptake of carbon monoxide, we have studied the effect of large partial pressures of nitrogen on DLCO.
Methods
In a hyperbaric chamber operating up to 4.8 atmospheres absolute pressure, a modification of the Krogh single breath technique (1) was used to measure the diffusing capacity for carbon monoxide (IDLco). Simultaneously pulmonary capillary blood flow (Qc) was measured by adding acetylene to the inspired mixture (4, 5) . Neon instead of helium was used as the inert tracer gas (6) . At sea level, the volume of the pulmonary parenchymal * Submitted for publication March 26, 1965 ; accepted June 10, 1965 . tissue in milliliters (VT) was measured by plotting the acetylene disappearance with different times of breath holding in each subject (4) .
The concentrations of neon, carbon monoxide, and
acetylene were approximately constant in the inspired mixture, being 0.5%, 0.4%, and 0.5%, respectively, with a balance of oxygen and nitrogen. Four separate inspired mixtures were employed in which the oxygen concentrations were 6%, 21%, 60%, and 98%o. By breathing different concentrations of oxygen for a few breaths followed by a breath of one of the inspired mixtures described, the alveolar oxygen tension of the subject during the breath holding period could be varied at will. Neon, carbon monoxide, acetylene, and carbon dioxide concentrations were measured on a gas chromatograph (6) 1 that has an error of ± 1%o. The oxygen concentration of the gases was measured on a mass spectrometer 2 that has an accuracy of within 1%o. The residual volume in each subject was measured by the closed circuit helium technique (7) . The pressure in the chamber in pounds per square inch was indicated on a calibrated Bourdon tube recording gauge outside the chamber that had a resolution of within i pound per square inch (50 mm Hg).
The plasma CO tension was estimated by having the subject rebreathe oxygen and hold his breath for 2 minutes and then measuring the carbon monoxide concentration in the expired sample (2, 8) . This procedure was repeated at intervals throughout the experiment and the equilibrated capillary CO tension for each estimation of DLco calculated by interpolation to the prevailing oxygen tension. The apparatus used was similar to that previously described (5), mylar bags 3 and copper and tygon tubing only being incorporated, as acetylene is absorbed by rubber.
The partial pressure of nitrogen (PN2) in the alveoli during the breath-holding period was estimated thus: PN= PB -(PH20 + Po0 + PCo2), where PB is the total barometric pressure, PH2o is the water vapor pressure Graduated decompression took between 3 and 4 hours during which time the subject was reclining and intermittently sleeping in an easy chair. The final controls were performed on return to sea level.
Estimations of plasma CO tension as described above were made between every second breath-holding maneuver. At each barometric pressure the highest oxygen tension runs were performed first. Figure 2) . The average correlation coefficient between 1/DLco and mean intracapillary oxygen tension in the five subjects was 0.986. 
Results
The results are shown in Tables II and III. The pulmonary diffusing capacity (DLCO) in milliliters CO per (minute X millimeters Hg) decreased in all subjects with rising mean intracapillary oxygen tension (Figure 1) Of the two subjects in group A, the average Qc of subject GGP dropped from 7.0 L per minute to 5.1 L per minute after approximately 100% oxygen had been inspired for 10 minutes at 3.5 atmospheres, but Qc increased slightly in RWH (Figure 5 ). There was no obvious difference in Qc measured at 3.5 atmospheres and 4.8 atmospheres in the three subjects in group B. No correlation was seen between Qc and the mean intracapillary oxygen tension during breath holding.
Discussion
These experiments showed that the diffusing capacity for carbon monoxide decreases progressively with rising oxygen tension from 100 to 3,200 mm Hg. The mechanism for this decrease is thought to be as follows. The rate of removal of carbon monoxide from the alveolar gas is limited, in part, by the rate of formation of carboxyhemoglobin in the red cell which, in turn, is proportional to the concentration of unsaturated hemoglobin molecules present. As a consequence of the rising Po2 in the red cell, fewer unsaturated hemoglobin molecules are available for the formation of carboxyhemoglobin. These data show that even in the presence of a mean intracapillary oxygen tension of approximately 3,000 mm Hg, there is a measurable diffusing capacity for carbon monoxide, which can only mean there is still unsaturated hemoglobin present. This is not so surprising when it is considered that although there may be only a minute amount of unsaturated hemoglobin present at any instant, it is the net result of extremely rapid association with and dissociation from oxygen.
In the above experiments oxygen may have altered the actual properties of the pulmonary mem- The concept of large numbers of nitrogen molecules impeding the diffusion of carbon monoxide molecules in the gas phase and thereby producing gradients within the alveolar air has been discussed previously (11) . On theoretical grounds the nitrogen pressures in our experiments were not high enough to have impaired diffusion significantly. However, if this were an important facet and had affected the rate of gas diffusion within the alveolar air, a decrease in DLCo would have been found at increased atmospheric pressure when there were more nitrogen molecules present. In our experiments a variation of nitrogen partial pressures from 30 to 2,400 mm apparently did not affect DLco, results which support the theory that diffusion within the alveolar gas itself is not a significant limitation to the passage of gas into the blood.
In these experiments a nearly linear relationship has been shown to exist between 1/DLco and the mean intracapillary oxygen tension at the time of breath holding in all subjects. We have applied the equation (14) , 1/Drco = (1/DM) + (1/OVc), [1] to calculate the value of DM, the diffusing capacity of the membrane in milliliters CO per (minute X millimeters Hg), and Vc, the volume of the blood in milliliters in the pulmonary capillaries in all subjects using the measured values for 0 (14) , the rate at which the red cells in 1.0 ml of pulmonary capillary blood will absorb CO in milliliters per minute per millimeter Hg plasma CO tension. If the ratio of permeability of the red cell membrane to that of the red cell interior is assumed to be 2.5, 0 is related to the intracorpuscular oxygen tension as follows (5) In the measurement of DLoo at high oxygen partial pressures, the ratio of the initial alveolar CO concentration to the final alveolar CO concentration (FAC(OO/FACOO) approaches unity, and in this event any error is greatly magnified. The equilibrated plasma CO tension becomes critical as well.
For example, if a subject has a DLCO of 30 ml of CO per (minute X millimeters Hg), an alveolar volume of 5,000 ml standard temperature and pressure, dry, and a breath-holding time of 10 seconds, a 5 % error in the measured expired alveolar concentration of carbon monoxide will introduce a 7% error in the calculated DrLco. However, if the DLco is 5 ml of CO per (minute X millimeters Hg) with the same alveolar volume and breathholding time, a 5 o error in the measurement of the expired alveolar concentration will be magnified to a 32%o error in the calculated DLco.
This magnification of errors at high oxygen tension may explain, in part, the wide variation in some of the measurements of DM and Vc at oxygen tensions over 600 mm Hg (see Table IV ).
The average control DLCo decreased 14%o in all subjects after the day's experiment in the chamber when compared to initial control values. To elucidate the matter further, two subjects, GGP and GWK, who had previously shown an average fall in DLCO of 15% and 25%o, respectively, were tested again. The subjects were seated in the chamber in easy chairs, but were not exposed to hyperbaric pressures or given any supplemental oxygen. Five measurements of Dr-co and Qc were made in each subject at 5-minute intervals in the morning and another five in the afternoon ap- Dr.o2, leading to nearly complete saturation of all the hemoglobin before the blood Po2 could rise over 150 mm Hg. Once the hemoglobin is fully saturated, further increase in oxygen content in the blood is only in the form of physically dissolved gas, and the only limitation to further transfer is the diffusing capacity of the pulmonary membrane (22) . In these circumstances, the reaction rate for oxygen with hemoglobin is of no further concern. For reasons previously given the pulmonary membrane does not appear to be affected by short (23, 24) . The fact that the plot of 1/DLco against Po2
( Figure 4 ) remains linear at the extremely high alveolar oxygen tensions implies that the mean capillary Po2 continues to rise linearly as alveolar Po2 rises. Thus, since neither diffusion limitation, gross shunting of blood across the lungs, nor other mechanisms to interfere with the movement of oxygen have been identified as a consequence of short periods of oxygen breathing at high pressures, the authors are not now prepared to explain the apparent gross interference with oxygen uptake. Summary The pulmonary diffusing capacity (DLco) and capillary blood flow (Qc) were calculated from the disappearance of low concentrations of carbon monoxide and acetylene from the alveolar gas during breath holding. Such measurements were performed in five normal subjects in a hyperbaric pressure chamber at sea level and at 3.5 and 4.8 atmospheres absolute.
DLco was found to decrease progressively with rising oxygen tension. 1/Drco increased linearly with rising mean intracapillary oxygen tension from 110 to 3,200 mm Hg (average r = 0.986).
DLCo was not changed significantly by independent variation of nitrogen partial pressure from 30 to 2,400 mm Hg at constant alveolar oxygen tension. The pulmonary diffusing surface did not measurably alter with exposure to an alveolar oxygen tension of 2,400 mm Hg for 10 minutes before the measurement of DLCO.
Control values at sea level of DLco and Qc were done before and after the above studies. An average 14% decrease in DLCO was found accompanied by a drop in Qc. These changes were thought to result from the subjects' prolonged inactivity in the chamber during decompression rather than to be due to oxygen inhalation or to increased barometric pressure per se.
